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Susceptibility to Infections and Immune Status in Inuit Infants Exposed to
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We investigated whether organochlorine exposure is associated with the incidence of infectious
diseases in Inuit infants from Nunavik (Arctic Quebec, Canada). We compiled the number of
infectious dieas episodes during the first year of life for 98 breast-fed and 73 bottle-fed infants.
Concentrations of organochlorines were measured in early breut milk samples and used as surro-
gates to prenatal exposure levels. Immune Vystem parameters were determined in venous blood
samples collected from infants at 3, 7, and 12 months of age. Otitis media was the most frequent
disease, with 80.0% of breast-fed and 81.3% of bottle-fed infants experiencing at least one
episode during the first year of life. During the second follow-up period, the risk of otitis media
increased with prenatl exposure to p,p'-DDE, hexachlorobenzene, and dieldrin. The relative risk
(RR) for 4- to 7-month-old infants in the highest tertile ofAp'-DDE exposure as compared to
infants in the lowest tertile was 1.87 [95% confidence interval (CI), 1.07-3.26]. The RR of otitis
media over the entire first year of life also incraed with prenatal exposure to ,p'-DDE (RR,
1.52; CI, 1.05-2.22) and hexachlorobenzene (RR, 1.49; CI, 1.10-2.03). Furthermore, the RR of
recurrent otitis media (. 3 episodes) increased with prenatal exposure to these compounds. No
dinically relevant differences were noted between breast-fed and bottle-fed infants with regard to
immunologic parameters, and prenatal organochiorine exposure was not associated with
immunologic p meters. We conclude that prenatal organochlorine ecposure could be a risk fac-
tor for acute otitis media in Inuit infants. Key workx breast-feeding, insecticides, Inuit, lympho-
cytes, organochlorines, otitis, polychlorinated biphenyls. Environ Health P"er t 108:205-211
(2000). [Online 20 January 2000]
hap://ehpn?etl. niehs.nih.gov/docs/2O00/1 08p205-21 deswaify/abstracthnul

The contamination of the arctic aquatic food
chain by organochlorine compounds (OCs)
has been documented during the last decade
(1-4). This group of chemicals indudes pes-
ticides (e.g., dieldrin, mirex, and toxaphene),
industrial compounds and by-products of
various industrial processes [e.g., hexa-
chlorobenzene (HCB), polychlorinated
biphenyls (PCBs), polychlorodibenzo-pdiox-
ins (PCDDs), and polychlorodibenzofurans
(PCDFs)]. In spite of regulatory actions
adopted since the late 1970s in North
America and Western Europe to limit their
emission into the environment, these sub-
stances are still being released because of
improper storage and disposal and because of
their ongoing use in other parts of the world.

Once emitted into the environment at
the middle and lower latitudes, OCs reach
the Arctic via long-range atmospheric and
oceanic transport (1). High lipophilicity and
poor biodegradability lead to their biocon-
centration in the fatty tissues of organisms.
Biomagnification also occurs through the
arctic aquatic food chain, resulting in rela-
tively high levels of contaminants in top
predator species (polar bear, beluga, seal)
(2-5). For cultural and economic reasons,
the Inuit from Nunavik (Arctic Quebec,
Canada) rely heavily on marine foods for
their subsistence. Their large consumption

rate of sea mammal fat (in particular ringed
seal and beluga) leads to body burdens of
various OCs that exceed those of southern
Quebec populations by factors varying from
2 to 10 (6-10).

Several OCs display immunotoxic prop-
erties in both laboratory animals and
humans. The most potent OCs are sub-
stances structurally related to 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD), such as
non- and mono-ortho chloro-substituted
PCBs and 2,3,7,8-chloro-substituted
PCDD/PCDFs. These molecules can bind
to the aryl hydrocarbon receptor (11), and
the ligand-receptor complex triggers the
expression of genes that are involved in cell
proliferation and differentiation (12). In
almost all of the animal species tested,
including primates, PCDD/PCDFs and
PCBs produce myelosuppression, immuno-
suppression, thymic atrophy, and inhibition
of immune complement system components
(13). Exposure to TCDD during pre- and/or
postnatal life results in more severe effects
than if the chemical is administered during
adult life and in some species may be a pre-
requisite for immunosuppression (14-15).
In fact, available evidence in laboratory ani-
mals suggests that the maturation of the
immune system is especially vulnerable to
the adverse effects of dioxin-like compounds,

chlordane, hexachlorobenzene, polycyclic
aromatic hydrocarbons, and possibly
endocrine-disrupting compounds such as
DDT and kepone (16,1X.

In children and young adults accidentally
exposed to PCBs and PCDFs in Taiwan (Yu-
Cheng disease), serum IgA and IgM concen-
trations as well as percentages of total T cells,
cytotoxic T cells, and suppressor T cells were
decreased as compared to values in age- and
sex-matched controls (18). The investigation
of delayed-type hypersensitivity responses
further indicated that cell-mediated immune
system dysfunction was more frequent
among patients than controls. Infants born to
mothers who had Yu-Cheng disease had
more episodes of bronchitis or pneumonia
during their first 6 months of life than did
unexposed infants from the same neighbor-
hoods (19). The authors speculated that the
increased frequency of pulmonary diseases
could be the result of a generalized immune
disorder induced by transplacental or breast
milk exposure to dioxin-like compounds,
more likely PCDFs (19). Children 8 to 14
years of age who were born to mothers with
Yu-Cheng disease are more prone to middle
ear diseases than matched controls (20).

For many years young native children
from Nunavik have had a high incidence of
infectious diseases, in particular meningitis,
bronchopulmonary, and middle ear infections
(21-23). Otitis media and the damage it can
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cause to hearing is a major problem for Inuit
children and adults. In fact, Inuit in
Nunavik report hearing loss as their most
common chronic health problem (24). In
1984, 78% of Inuit school children in
Kuujjuarapik had current or previous ear
infections and 23% of the children had a sig-
nificant hearing loss in one or both ears (25).
The prevalence of hearing loss among 74 stu-
dents tested in Inukjuak in 1988 was 24%
(23). In 1995-1996, screenings performed
on the coast of Ungava found a 28% rate of
hearing loss in students (26). The reason for
the high incidence of middle ear infections
in Inuit children is unknown. Genetically
determined IgG2 deficiency may be involved
(27), as well as anatomical or physiologic
factors (such as the morphology of the
Eustachian tube), dietary habits, housing
(crowding, humidity level), community
sanitation, and personal hygiene (22.

Because of the immunotoxic properties
displayed by some OCs, in particular after

perinatal exposure, we hypothesized that part
of the high infection incidence among Inuit
infants could be related to the relatively high
maternal body burden of these contaminants.
To test this hypothesis, we organized a
cohort study in Arctic Quebec to investigate
the relationship between OC exposure, the
immune status, and the occurrence of infec-
tious diseases among Inuit infants during
their first year of life.

Methods
Subjects. Approximately 7,000 Inuit people
live in Nunavik; 14 communities are scat-
tered along 1,500 km of seashore. Nunavik
is located between 55 and 630 north latitude
(Figure 1). All Inuit women who gave birth
between July 1989 and September 1990 at
the two regional hospitals located in
Puvirnituq (East Hudson Bay) and Kuujjuaq
(Ungava Bay) were asked to participate in
the study. This represented approximately
83% of all pregnancies in Nunavik; at-risk

Figure 1. Location of Nunavik (Arctic Quebec, Canada).

pregnancies (for maternal or fetal reasons)
were transferred to hospitals located in
Montreal, Quebec, Canada. Informed con-
sent was obtained from all women who
entered the study. The protocol was approved
by the medical ethical committee of the
Centre Hospitalier Universitaire de Qudbec
(Pavillon CHUL, Sainte-Foy, Quebec,
Canada). A pretested maternal questionnaire
was administered at the infant's birth by a
bilingual interviewer (English/Inuktitut) to
obtain information regarding the community
of residence, maternal body weight after deliv-
ery, pregnancy duration, and breast-feeding
history. The sex and weight of the newborn
were obtained from the medical files.

Measures ofOC exposure. We used OC
concentrations in breast milk fat as an index
of in utero exposure to these substances.
Organochlorine concentration in breast milk
fat is a good surrogate of maternal body bur-
den (28). These compounds cross the pla-
cental barrier to reach the developing fetus;
concentrations of various OCs in milk fat,
maternal blood lipids, and cord blood lipids
are highly correlated (28). Therefore, OC
concentration in fat from any of these biolog-
ic fluids adequately reflects prenatal exposure
to these substances.

Prenatal OC exposure was determined
only in the breast-fed group, but bottle-fed
infants were also prenatally exposed to these
compounds. In contrast to breast-fed infants
who were exposed to OCs through maternal
milk consumption, postnatal exposure of
bottle-fed infants to organochlorines before
the introduction of solid foods can be con-
sidered negligible because of the low levels
of these substances normally found in evap-
orated milk and cow's milk [i.e., < 0.5 pg
PCB/kg according to the 1985-1988 Total
Diet Program (29)] as compared to those
found in the breast milk of Inuit women
(averaging approximately 100 pg PCB/kg)
(7). The volume of blood drawn from
infants at follow-up visits was insufficient to
allow OC determination and therefore a
direct measure of postnatal exposure was
not available.

Breast milk sampling and OC detexmi-
nation. Immature breast milk samples (40
mL) were collected in polycarbonate vials
within 3 days after delivery. The sampling
duration did not exceed 24 hr. Milk samples
were frozen at -20°C and sent to the Quebec
Toxicology Center laboratory (Sainte-Foy,
Queb&, Canada) for organochlorine analy-
sis. Concentrations of 10 PCB congeners
[International Union of Pure and Applied
Chemistry (IUPAC) numbers 28, 52, 101,
118, 138, 153, 170, 180, 183, and 187] and
8 chlorinated pesticides or metabolites (p,p'-
DDE, mirex, heptachlor epoxide, a- and
,y-chlordane, hexachlorobenzene, endrin, and

Volume 108, Number 3, March 2000 * Environmental Health Perspectives206



Articles * Infections and immune status among Inuit infants

dieldrin) were measured in milk fat extracts
using high resolution gas chromatography
with electron capture detection, according to
the method previously described by Dewailly
et al. (8).

Follow-up of infants. At 3, 7, and 12
months of age, infants were seen by a nurse at
the nursing station in their community. At
these visits the nurse performed blood sam-
pling and a medical evaluation. Information
was obtained regarding the breast-feeding sta-
tus as well as the time of introduction and the
identity of breast milk substitutes and solid
foods. The nurse was also trained to screen for
the skin problems that were observed in
Taiwanese children after prenatal and postna-
tal exposure to PCBs and PCDFs (19). These
skin problems were scalp folliculitis, black-
head or acne on the face or body, enlargement
of moebius glands and eyelid edema, toenail
deformations (concave, ingrown nail), and
brown hyperpigmentation of the lips, gums,
nails, and the surrounding skin.

The occurrence of selected infectious dis-
eases of high prevalence in Nunavik was doc-
umented during the first year of life (from
birth to 3 months, between 4 and 7 months,
and from 8 to 12 months of age). More
specifically, the occurrence of the following
infections was recorded: otitis media (ear
infection), tonsillitis and pharyngitis, laryngi-
tis and tracheitis, bronchitis and bronchioli-
tis, pneumonia, flu, sinusitis and rhinitis, and
various skin problems (impetigo, cellulitis,
allergies, and eczema). Otitis media was the
main focus of the present study. A specific
program on otitis was introduced in 1984 to
improve diagnosis, treatment, and rehabilita-
tion in Inuit from Nunavik. Infants with
fever, irritability, pain accompanied or not
accompanied by discharge from the ear were
tentatively identified as having otitis media.
Diagnosis was further supported by abnormal
tympanic membrane appearance (redness,
bulging, swelling) on otoscopic examination.
If the same health problem occurred more
than once, a minimal number ofweeks had to
elapse before it was considered a new episode
rather than a continuation of the same
episode. For example, an otitis episode was
deemed new if it occurred . 3 weeks after the
previous one.

Blood sampling and immunologic para-
meters. Blood samples (- 2 mL) were collect-
ed from babies by nurses at 3, 7, and 12
months of age. For cellular analyses, samples
were immediately processed. Serum samples
were stored at -200C and sent to the
immunology laboratory at the Centre
Hospitalier Universitaire de Quebec for
immunoglobulin determination. Lymphocyte
counts were determined by whole-blood flu-
orescence cell sorter analysis combined with
the quantification of white blood cells by a

cell counter. Lymphocyte subsets were deter-
mined by flow cytofluorometry analysis with
direct staining of the whole blood cells per-
formed onsite, using monoclonal antibodies
labeled with fluorescein isothiocyanate
(Profile; Beckman Coulter, Fullerton, CA).
We evaluated CD3 (T cells), CD4 (helper T
cells), CD8 (cytotoxic T cells), and CD20
(B cells). Briefly, we diluted 50 pL peripher-
al blood in 50 pL PBS containing the appro-
priate amounts of monoclonal antibodies
and incubated the solution for 15 min at
40C. After a wash step, the red cells were
lysed (Immunolyse solution; Beckman
Coulter), a cell fixative was added, the solu-
tion was washed twice, and the stained por-
tion of the white blood cells was sent to the
immunology laboratory to be measured on a
cytofluorometer (Profile). Immunoglobulins
(IgG, IgA, and IgM) were measured by
nephelometry (Dade Behring, Deerfield, IL).

Statistical analyses. A continuous vari-
able expressed the number of episodes of a
health problem since the last visit to the
nursing station. A dichotomized variable was
also created with two categories: no episode
during the period, and one episode or more.
We performed additional analyses using two
categories: no episode during the first year of
life, and three or more episodes during the
first year of life. Various health problems
were also grouped in large classes: ear, nose,
and throat diseases; pulmonary diseases; and
skin diseases.

We used Student's t-test or the chi-square
test to evaluate the statistical significance of
differences between breast-fed and bottle-fed
groups with regard to selected participant
characteristics. We computed relative risks
for breast-fed infants for the occurrence of
infectious diseases during each follow-up
period as compared to the bottle-fed group.
Relative risks were also used to assess differ-
ences in disease occurrence between breast-
fed subgroups (tertiles ofOC exposure using
the lowest tertile as the comparison group).
We conducted logistic regression analyses to
control for confounding factors, and we
assessed differences between bottle-fed and
breast-fed groups for immunologic
parameters using Student's t-tests.
OC concentrations in breast milk dis-

played log-normal distributions; therefore, we
used log-transformed values in the statistical
analyses. We tested associations between OC
exposure and immunologic parameters with
Pearson correlation coefficients. We included
these OCs as independent variables in statis-
tical analyses: the sum of the three most
abundant PCB congeners found in breast
milk (IUPAC numbers 138, 153, and 180),
and those chlorinated pesticides that were
detected in > 85% of breast milk samples
(DDE, dieldrin, HCB, and mirex). We

assigned a value equal to half of the detection
limit of the analytical method to those results
categorized "not detected."

Results
Among the 222 women who delivered in
one of the two regional hospitals, 213 agreed
to participate and were enrolled in the study
(95.9% participation rate). Information on
health problems for at least one follow-up
period during the first year of life was avail-
able for 171 infants (77.0%). Fifteen (8.8%)
infants were seen only once (either at the first,
second, or third follow-up visit), 38 (22.2%)
were seen twice, and 118 (69.0%) attended
all three follow-up visits. Major reasons for
not attending a follow-up visit included being
outside the community (for example, moving
to campground during the hunting season)
and fear of venous puncture for the infant.
There was no statistically significant differ-
ence between newborns who attended one or
more visits and those who did not attend any
follow-up visits with regard to gestation
length, birth weight, and maternal age and
weight (data not shown).

Of the 171 participating newborns, 98
(57.3%) were breast-fed and 73 (42.7%)
bottle-fed. Organochlorine concentrations
were determined in breast milk fat; there-
fore, data were only available for breast-feed-
ing mothers; 94 mothers provided enough
milk to allow OC analysis. Table 1 presents
various characteristics of mothers enrolled in
this study and their newborns, according to
breast-feeding status. We obtained maternal
characteristics by questionnaire; several Inuit
women were not able to provide precise infor-
mation for cultural reasons, most notably on
their weight. Analysis of available data
revealed that mothers who breast-fed their
newborns had similar weight and gestation
length as compared to those who bottle-fed,
but were significantly older (by 2.7 years on
average). Newborns from both groups did not
differ in terms of sex ratio and weight.

Table 2 contains mean concentrations of
selected organochlorine and the correspond-
ing tertile limits. p,p'-DDE showed the high-
est concentration, followed by PCBs (the sum
of congeners 138, 153, and 180), HCB,
dieldrin, and mirex (Table 1). A more com-
plete description of the analytical results was
previously published (8).

Acute otitis media was the most frequent
health problem among Inuit newborns
during the first year of life, with 80.5% of all
infants experiencing one or more episodes
(80.0% of ever breast-fed and 81.3% of
never breast-fed infants). Of the 118 infants
for which follow-up was complete, 23 (20%),
18 (15%), 28 (24%), 19 (16%), 19 (16%),
and 11 (9%) had 0, 1, 2, 3, 4, and > 5 otitis
episodes, respectively. The percentage of ever
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breast-fed infants who contracted . 3
episodes of otitis media during the first year
of life (40.5%) was similar to that of never
breast-fed (bottle-fed) infants (44.7%).
During the first year of life, ever breast-fed
and never breast-fed infants experienced a
similar number of episodes with acute otitis
media {mean = 2.3, [95% confidence inter-
val (CI), 1.8-2.7] vs. 2.7 (CI, 2.1-3.2); p =
0.21}.

The second most frequent health problem
was pulmonary infections: 59.3% (54.3% of
ever breast-fed and 66.7% of never breast-fed
infants). Ever breast-fed infants contracted
fewer pulmonary infections than bottle-fed
infants [mean = 1.2, (CI, 0.9-1.6) vs. 2.0 (CI,
1.3-2.6); p = 0.05]. None of the skin
problems reported in Taiwanese children

born to mothers with Yu-Cheng disease were
observed in Inuit infants.

The relative risk of various infectious dis-
eases among breast-fed infants during the first
year of life is presented in Table 3. During the
first follow-up period, the risk of otitis media
among breast-fed infants appeared lower than
in bottle-fed infants, although statistical sig-
nificance was not reached. The relative risks
of otitis media later during the first year of life
were close to 1. The relative risk of pneumo-
nia during the second follow-up period was
lower in breastfed infants as compared to the
bottle-fed group. The incidence of pharyngitis
and tonsillitis among bottle-fed infants during
the third follow-up period was 10.9%,
although no breast-fed infant contracted this
infectious disease.

Table 1. Characteristics of the study population according to breast-feeding status.

Breast-feeding, n = 98 No breast-feeding, n= 73
Characteristics No. Mean (CI0 No. Mean (CI) p-Value
Mothers
Age (years) 87 24.2 (23.2-25.3) 65 21.5 (20.3-22.8) 0.002
Weight (kilograms) 56 59.7 (57.4-61.9) 55 59.0 (57.3-60.7) 0.63
Gestation length (weeks) 86 38.9 (38.5-39.3) 63 39.1 (38.7-39.5) 0.48

Newborns
Sex (male, %) 98 45.9% 73 54.8% 0.25
Weight (kilograms) 87 3.47 (3.38-3.57) 66 3.47 (3.36-3.58) 0.99

Table 2. Concentrations of OC in breast milk fat (microgram per kilogram).

Compound No. GM (Cl) Tla T2 T3
EPCBsb 94 621 (530-727) < 432 432-873 > 873
HCB 94 107 (92-125) < 86 86-146 > 146
DDE 94 962 (835-1,108) < 730 730-1,320 > 1,320
Dieldrin 94 30(26-35) < 21 21-43 > 43
Mirex 94 14(12-16) <9 9-18 >18

GM, geometric mean.
aTertile limits. bSum of congeners 138, 153, and 180.

Table 4 presents the relative risks of otitis
media among breast-fed infants according to
tertiles of organochlorine concentrations in
breast milk (reflecting prenatal exposure).
Most notably, during the second period, the
relative risks of acute otitis media increased
for infants in the third tertiles ofOC concen-
trations in breast milk fat (HCB, DDE, and
dieldrin). Among the 65 breast-fed infants
who were seen at each follow-up visit during
the first year of life, the incidence of otitis
during the entire first year of life increased
with tertiles of prenatal OC exposure (HCB,
DDE; Table 5). Prenatal exposure to HCB
and DDE also increased the risk of contract-
ing . 3 otitis media episodes (Table 6). The
mean breast-feeding duration of infants
enrolled in the present study was 35 weeks,
ranging from 4 to 52 weeks. Logistic regres-
sion analysis taking into account breast-feed-
ing duration, maternal age, and the duration
of past breast-feeding episodes yielded similar
associations. OC exposure was not related to
the incidence of bronchopulmonary diseases
(data not shown).

Table 7 presents results for the
determination of various immunologic para-
meters in peripheral blood samples from
breast-fed and bottle-fed infants on three vis-
its during the first year of life. At 3 months
of age, concentrations of white blood cells
and lymphocytes (more specifically those of
the CD4 subtype) were lower (p < 0.05) in
blood samples from breast-fed babies as
compared to those from the bottle-fed
group. At 7 and 12 months of age, IgA con-
centrations were lower (p < 0.05) in breast-
fed infants than in bottle-fed infants, as were

Table 3. Relative risks (RRs) of various health problems in breast-fed Inuit infants during the first year of life, as compared to bottle-fed Inuit infants.

Health problems
Ear, nose, throat, eyes
Acute otitis media
Pharyngitis, tonsillitis
Flu

0-3 month follow-up period
Bottle-fed, Breast-fed,
n-= 65), %a (n= 90), RR(CI)

56.9 1.00 (0.75-1.32)
47.7 0.70 (0.47-1.03)
1.5 5.78 (0.74-45.07)

12.3 1.99 (0.94-4.18)

4-7 mor
Bottle-fed
(n= 68), 3

70.6
58.8
8.8

11.8
Conjunctivitis 9.2 1.93 (0.80-4.65) 5.9

Pulmonary diseases 26.2 1.15 (0.69-1.92) 33.8
Bronchitis, broncheolitis 18.5 1.14 (0.60-2.19) 23.5
Pneumonia 6.2 2.35 (0.80-6.87) 22.1

Skin affections 18.5 1.20 (0.63-2.28) 22.1

&Percentage of infants with at least one episode of the infectious disease during the follow-up period.

nth follow-up period
d, Breast-fed,
%o (n= 90), RR (C)

0.94 (0.76-1.17)
0.96 (0.74-1.26)
0.88 (0.31-2.50)
0.85 (0.35-2.09)
0.76 (0.20-2.91)
0.89 (0.56-1.40)
1.04 (0.59-1.82)
0.25 (0.10-0.66)
0.86 (0.46-1.59)

8-12 month follow-up period
Bottle-fed, Breast-fed,
(n= 55), % (n= 78), RR (CI)

56.4 0.98 (0.72-1.33)
45.5 1.19 (0.83-1.69)
10.9 0(-)
7.3 0.35 (0.07-1.86)
7.3 0.35 (0.07-1.86)

30.9 0.66 (0.37-1.20)
21.8 0.53 (0.24-1.17)
11.3 0.69 (0.24-2.02)
16.4 0.86 (0.38-1 .94)

Table 4. Relative risk (RR) of acute otitis media among breast-fed Inuit infants during three periods in the first year of life, according to prenatal exposure to
selected OCs (in tertiles Tl, T2, and T3a).

0-3 month follow-up period 4-7 month follow-up period 8-12 month follow-up period
T1 (n=27) T2(n=29) T3(n=27) T1 (n=26) T2(n=28) T3(n=28) T1 (n=24) T2(n=23) T3(n=25)

%b RR (Cl) RR (Cl) % RR (Cl) RR (Cl) % RR (Cl) RR (Cl)
XPCBsC 29.6 1.28 (0.61-2.70) 0.88 (0.37-2.07) 46.2 1.16 (0.68-1.99) 1.47 (0.90-2.39) 50.0 1.39 (0.86-2.26) 0.88 (0.49-1.60)
HCB 25.8 0.81 (0.30-2.16) 1.80 (0.88-3.69) 46.7 1.03 (0.58-1.82) 1.55 (1.00-2.42) 46.4 1.29 (0.76-2.21) 1.26 (0.75-2.12)
DDE 26.7 1.47 (0.70-3.12) 1.05 (0.44-2.49) 37.0 1.68 (0.95-2.96) 1.87 (1.07-3.26) 46.2 1.63 (1.01-2.61) 0.89 (0.46-1.70)
Dieldrin 28.6 0.74 (0.31-1.79) 1.75 (0.85-3.59) 42.3 1.29 (0.75-2.23) 1.75 (1.05-2.91) 64.0 0.69 (0.40-1.17) 0.85 (0.53-1.38)
Mirex 26.7 1.20 (0.53-2.74) 1.34 (0.62- 2.90) 40.0 1.88 (1.14-3.08) 1.43 (0.83- 2.46) 54.2 1.00 (0.59-1.681 1.00 (0.59-1.68)
8Tertile limits are defined in Table 2. bPercentage of infants with at least one episode of the infectious disease during the follow-up period. cSum of congeners 138, 153, and 180.
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CD4/CD8 ratios, although the differences
did not reach statistical significance. None of
the immunologic parameters were associated
with prenatal OC exposure.

Discussion
Inuit children from various regions of the
Arctic are at increased risk for otitis media
(25,30,31). In the present study, 80.5% of
Inuit infants experienced at least one otitis
media episode during the first year of life.
Ingvarsson and colleagues (32) reported an
annual incidence of 38% for boys and 30%
for girls in Sweden. Among children in
Finland, the annual incidence of otitis media
was 38 and 28% for boys and girls, respec-
tively (33), and in one American study
conducted in Boston, it was 62% for boys
and girls combined (34).

Infante-Rivard and Fernandez (35)
reviewed the literature on otitis media in
children and noted that breast-feeding dura-
tion appears to be a protective factor, espe-
cially very early in life when children are
more susceptible to the disease and more
likely to have recurrent and persistent otitis
media with effusion. In Labrador, Canada, a
study among 238 Inuit revealed that breast-

Table 5. Relative risk (RR) of experiencing at least
one episode of acute otitis media among breast-
fed Inuit infants during the first year of life,
according to the prenatal exposure to selected
OCs (in tertiles Ti, T2, and T3a).

oc
XPCBsC
HCB
DDE
Dieldrin
Mirex

Ti
(n= 22)
%b

68.2
64.0
59.1
71.4
66.7

T2
(n= 21)
RR (Cl)

1.25 (0.89-1.75)
1.30 (0.91-1.87)
1.55 (1.07-2.24)
1.11 (0.79-1.56)
1.28 (0.91-1.79)

T3
(n= 22)
RR (Cl)

1.28 (0.92-1.77)
1.49(1.10-2.03)
1.52 (1.05-2.22)
1.26 (0.93-1 .71)
1.36 (0.99-1.86)

'Tertile limits are defined in Table 2. bPercentage of 22
breast-fed infants in tertile 1 for which follow-up was
complete, with at least one episode of acute otitis media
during the first year of life. cSum of congeners 138, 153,
and 180.

feeding seems to offer some protection
against middle ear infection (36). No chil-
dren who were bottle-fed after 6 months of
age had otitis media (0/21), as compared to
67 among the 160 who were bottle-fed as
newborns. In Nunavik (Arctic Quebec),
Dufour (37) observed that protection
through breast-feeding seems to last only for
the first 3 months, after which the relation-
ship does not hold and may even be reversed.

Results from the present study also sug-
gest that breast-feeding during the first
trimester affords protection against acute oti-
tis media, although this result did not reach
statistical significance (Table 3). The protec-
tion early in life could be related to the trans-
fer of maternal antibodies from the mother to
the infant during the first months of breast-
feeding. Organochlorines accumulate in the
newborn during the breast-feeding period
(38-40) and could eventually reach concen-
trations that are detrimental to immune sys-
tem function. However, we could not address
the effect of postnatal OC exposure in the
present study. The limited amount of blood
collected from infants at follow-up visits was
not enough to allow the determination of
organochlorine concentrations.

Table 6. Relative risk (RR) of experiencing three or
more episodes of acute otitis media among
breast-fed Inuit infants during the first year of life,
according to the prenatal exposure to selected
OCs (in tertiles Ti, T2, and T3a).

OC

XPCBsC
HCB
DDE
Dieldrin
Mirex

Ti
(n = 22)
%b

31.8
28.0
19.1
30.0
37.5

T2
(n= 21)
RR (Cl)

1.56 (0.48-5.60)
1.07 (0.28-4.18)
4.64(1.19-18.11)
0.96 (0.26-3.53)
1.21 (0.35-4.15)

T3
(n= 22)
RR (CI)

1.65 (0.49-5.57)
3.71 (1 .10-1 2.56)
3.48 (0.86-14.11)
3.50 (0.95-1 2.97)
1.03 (0.31-3.43)

8Tertile limits are defined in Table 2. bPercentage of 22
breast-fed infants in tertile 1 for which follow-up was
complete, with three or more episodes of acute otitis
media during the first year of life. cSum of congeners 138,
153, and 180.

The relative risk of acute otitis media
was related to prenatal exposure to some
organochlorines during the second follow-up
period (Table 4) as well as during the entire
first year of life (Table 5). Furthermore, the
risk of experiencing several episodes of the
disease during the first year of life was also
associated with prenatal exposure to these
compounds (Table 6). Our results do not
allow us to identify which compounds could
be responsible for the increased susceptibility
of Inuit infants to otitis media. Associations
with otitis media were most consistent with
p,p'-DDE and HCB. However, because all
OCs originate from the same few food items
and share a number of properties (persis-
tence, liposolubility), their concentrations in
breast milk are correlated to each other.
Therefore, associations of health outcomes
with p,p'-DDE or HCB may be due to other
OCs found in the organochlorine mixture.

To our knowledge, this study is the first
to report an association between the inci-
dence of otitis media and chronic environ-
mental exposure to organochlorines. In
Taiwan, infants of mothers with Yu-Cheng
disease, who were transplacentally exposed to
PCBs and PCDFs, experienced a greater
number of bronchitis episodes during their
first year of life than unexposed children
(19). Between 8 and 14 years of age, these
children also had a significantly higher
prevalence of middle ear diseases than their
age-matched controls (20). In contrast,
Weisglas-Kuperus et al. (41) observed no
significant correlation between the number
of periods with rhinitis, bronchitis, tonsilli-
tis, and otitis during the first 18 months of
life and either prenatal or postnatal exposure
to PCB or dioxin-like compounds. The
Weisglas-Kuperus et al. (41) study, which
was conducted during 1990-1992 among
105 breast-fed infants from the Rotterdam
area, did not report the incidence of otitis
media during the first year of life. In our

Table 7. Immunologic parameters for breast-fed and bottle-fed infants during the first year of life.

3-month-old infant 7-month-old infant 12-month-old infant
Bottle-fed Breast-fed Bottle-fed Breast-fed Bottle-fed Breast-fed

Immunologic parameters No.a Mean ± So No. Mean ± SD No. Mean ± SD No. Mean ± SD No. Mean ± SD No. Mean ± SD
White blood cells (x 109/L) 47 13.3 ± 4.6 60 11.5 ± 3.9* 53 12.1 ±3.5 66 13.0D 4.0 54 12.4 ± 5.0 68 12.5 ± 6.1
Lymphocytes (%) 48 62 ± 9 61 63 ± 10 54 61± 12 66 60D 9 54 55 ± 13 69 58 ± 10

Lymphocyte subsets (x 109/L)
Lymphocytes 46 8.3 + 3.1 59 7.3 ± 2.7 52 7.2 ± 2.5 68 7.8 ± 2.6 51 6.8 ± 2.9 68 7.2 ± 3.6
CD20 42 1.1 ±0.7 53 0.9±0.5 49 1.1 ±0.5 62 1.2+.07 48 1.1 ±0.6 65 1.2+1.1
CD3 43 5.1 ± 2.0 53 4.5 ± 1.8 47 4.5 ± 1.8 60 4.9 ± 1.9 46 4.4 ± 2.0 63 4.4 + 2.1
CD4 42 3.5 ± 1.4 52 2.9 ± 1.1* 46 2.9 ± 1.2 60 3.0D 1.2 46 2.5 ± 1.1 64 2.5 + 1.1
CD8 42 1.5+ 0.8 52 1.5 ± 0.8 45 1.5 ± 0.8 60 1.7 D0.8 46 1.7 ± 1.0 63 1.8 ± 1.2
CD4/CD8 ratio 42 2.6 ± 1.0 52 2.4 ± 1.2 45 2.2 ± 1.2 60 1.8 ± 0.7 46 1.9 ± 1.0 63 1.6 ± 0.5

Immunoglobulins (g/L)
IgG 46 6.3 ± 2.2 63 6.4 ± 2.5 50 9.3 ± 3.0 65 9.3 + 3.0 53 12.0 ± 3.0 66 11.5 ± 2.8
IgA 46 0.6 ± 0.6 63 0.4 ± 0.2 50 0.7 ± 0.4 65 0.6 + 0.2* 53 0.8 + 0.3 66 0.7 ± 0.3*
IgM 46 1.4±0.9 63 1.6±0.9 50 1.7±0.7 65 2.0±0.9 53 1.9±0.7 66 1.8±0.7

%Numbers do not match those in Table 3 because of blood sampling refusal, insufficient amount of blood collected, or shipping problems. *Significantly different from the bottle-fed
value; p s 0.05.
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study, the risk of otitis during the first year
of life was mainly associated with prenatal
exposure to DDE and HCB; these com-
pounds were not measured in the Dutch
study. The Inuit population and the Dutch
population differ greatly with regard to the
source ofOC exposure: sea mammal fat con-
sumption is the major source in Inuit people
(8), whereas in the Netherlands, dairy prod-
ucts and industrial oils used by the food
industry in the preparation of various food-
stuffs are the largest contributors (44. These
dietary sources are likely to differ substantial-
ly in terms of both contaminant and nutri-
ent contents, which may have an impact on
the susceptibility to infections.

Of the 213 infants originally induded in
the study, only 118 (55.4%) were followed
during the entire first year of life. This raises
the possibility of selection bias in our study
group. However, further analyses of our data
revealed that similar proportions of breast-
fed and bottle-fed newborns did not attend
any follow-up examinations or attended
either one, two, or all three examinations
(data not shown). Also, within the breast-fed
group the percentages of infants who attend-
ed all three visits did not differ according to
tertiles of OC concentration in breast milk.
Moreover, maternal age and weight and
infant weight and gestation length were not
statistically different in the infants who
attended at least one examination and in
those who did not attend any follow-up
examination. Hence, infants who were lost
from the cohort or who missed one or two
clinical examinations during the first year of
life appear similar to those who completed
the study. Finally, statistical analyses were
also performed using only data from new-
borns who attended all three of the follow-
up visits and similar results were observed
(data not shown).

Our results could have been influenced
by confounding factors. Three major factors
have been associated with acute otitis media
in several studies and therefore constitute
possible confounding factors (35): breast-
feeding (protective factor), crowding (risk
factor), and passive smoking (risk factor). In
the present study, we did not collect informa-
tion on crowding or smoking; however, nei-
ther of these was likely to be a confounding
factor here. Crowding as encountered in day-
care centers can facilitate the propagation of
infectious diseases among children; however,
there are few day-care centers or family day-
care homes in Nunavik. Crowding may also
be present in large families, but based on
data collected from the Sante Quebec Inuit
Health Survey (24), which was conducted
during 1992-1993 in Nunavik, no relation-
ship was noted between the number of
children at home and maternal OC plasma

concentrations. Analysis of smoking data
also obtained from the Sante Qu6bec Inuit
Health Survey (24) revealed no association
between cigarette consumption (average
number of cigarettes smoked per day) and
OC plasma concentrations in Inuit women
between 18 and 39 years of age (75% of the
women in this age group were smokers). In
the present study we had information on the
duration of breast-feeding, a protective fac-
tor for the development of otitis media.
Associations between prenatal OC exposure
and the risk of otitis media were not signifi-
cantly modified when we performed logistic
regression analyses to control for breast-feed-
ing duration and for two factors associated
with maternal OC body burden: maternal
age and the total duration of past breast-
feeding periods.

Because of results suggesting the existence
of a relationship between middle ear infec-
tion and prenatal OC exposure, a reduction
of organochlorine body burden in Inuit
women of reproductive age appears desirable.
The reduction of organochlorine body bur-
den in this Inuit population has been
encouraged by promoting the consumption
of traditional food items that are high in
nutritive elements and low in contaminants
[i.e., red char (Salvelinus salvelinus)]. Because
of study protocol limitations, we were
unable to determine the influence of postna-
tal OC exposure on the risk of infectious dis-
eases in Inuit infants. Nonetheless, because
the risk of infectious diseases in breast-fed
infants was not higher as compared to that
of bottle-fed infants, it indicates that global
postnatal OC exposure does not increase the
susceptibility of Inuit infants to infections.
As a result, women were advised not to modi-
fy their breast-feeding habits because of the
beneficial aspects of this practice for both the
infant and the mother.
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